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(57)Abstiact 

A solder bump (30, 124) is formed on a circuit trace by a method that includes depositing onto the trace a uniform thin 
plate (26, 124) of solder alloy and reflowing the solder alloy to fonn the bump. In one aspect of this invention, the trace comprises^ 
first and second linear sections (18, 20) that mtersect at an intersection (22) whereat the bump is fbzmed. In another aspect of thig ' 
invention, the trace includes a terminal (116) having an enlaiged terminal pad (1 18) cozmected to a runner section (120X whereu- 
pon the bump forms at tiie pad. The solder plate is deposited, preferably by electroplating, at a tiiickness between about 10 and 25 
microns. Thereafter, when the trace is heat^ to melt the solder layer, the solder coalesces to fonn the bump having a height pref- 
erably greater than 40 microns. 
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1 

SOLDER PIATE REFLOW METHOD FOR FORMING A 
SOLDER BUMP ON A CIRCUIT TRACE 



5 Background of tttt Invention 

This invention relates to a method for fonning a solder- 
bimqied circuit trace on a printed circuit board or &e like. 
Mcoe particularly, this invmtion relates to such method 
1 0 compnsaRg ji^ow of a diin soldo- plate ^x>sited on a circuit 
trace to cause the solder to coalesce to fonn a solder buxnp. 

In the manufacture of a microelectronic package, it is 
known to mount an integrated circuit component onto a printed 

15 circuit board by solder bump interconnections. For this 

purpose, the board includes a copper circuit trace disposed on a 
dielectric substrate. To mount the component, a solder bump is 
attached to a bond pad on the component, typically by placing 
a preformed microsphere of the solder alloy on ^e pad and 

20 heating to reflow the solder. The bumped component is 

assembled with the board such that the bump rests against the 
trace at a predetermined site. The assembly is heated to 
reflow the solder so that, upon cooling to resolidify the solder, 
die solder is bonded to the trace as well as the component pad 

25 to physically join the component to the board and also to 

electrically connect the component to the trace iac conducting 
electrical signals to and from the component for processing. 

In the formation of solder bnnqi intmcmnections, it has 
30 been proposed to ai^ly a solder bump to die trace at die 
attachment site to provide additional solder in fonning the 
intnconnection. Also, as is known, it is convenioit to apply the 
scAder to a printed circuit board by dectroplaling. However, 
electroplating produces a generally unifonn plate, in contrast to 
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a solder bump that provides an enlarged mass at the site. 
Thus, there remains a need for an improved method for 
preforming a solder bump on a circuit trace at a designated 
site. 

5 

Sommazy of die Invention 

This invention conten^lates a method for forming a 
soldtt-bnn^ circuit trace that includes depositing onto the 
10 trace a thin plate of soto aUoy and reflowing the solder aUoy 
to foxm a bump. 

In one aspect of this invention, the trace comprises a first 
linear section and a second linear section that is disposed to 

15 intersect the first section at an intersection such that the angle 
between the sections is between 45 degrees and 135 degrees. 
The first trace section has a generafly uniform width, typically 
less than 500 microns and preferably between 50 and 150 
microns. The second trace section has a generaUy uniform 

20 width, which may be ei&er equal to or different from the first 
section width, that also is typicaDy less thaii 500 microns and 
preferably between 50 and 150 microns. 

In another aspect of this inventioo. a solder bniiq> is 
25 farmed on a terminal tiiat is configured to include an enlarged 
pad connected to a linear runner section that has a 
pcedet«mined width. The width of the runner is suitably less 
than 500 microns and preferably between 50 and 150 microns. 
The enlarged pad has a width, measured parallel to the runner 
3 0 width, that is greater than the mnn« width. 

In either event. &e trace is formed of a solder-wettable 
metal, most commoiay copper. Prior to reflow, the ttace 
includes a thin, outer plate conq»osed' of the solder alloy and 
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having a uniform tfaidmess. Thoeafter, when the trace is 
heated to melt the solder layn^, it is suxpdsingly found that the 
solder alloy coalesces either at the intnsecticm or at the 
enlarged pad, to fcnn the desired bump. In a preferred 
5 embodimoit, tht solda layer is deposited by electroplating to 
a thidoaess between about 10 and 25 microns and is r^owed 
to form a bump having a bright greater than 40 microns and 
preferably between 60 and 80 microns. 

10 la anothtf aspect of this invention, a method is provided 

for manufacturing a jointed circuit board that includes 
applying a copper plate onto a dielectric substrate and 
thereafter applying a photolithographic mask or the like onto 
the plate. The mask defines an opening that exposes die 

15 coppa at the trace, but covers the copper plate on the region 
adjacent to the trace. The masked copper plate is immersed in 
an electroplating bath containing dissolved tin and lead ions 
and ca&odically biased to codeposit tin and lead metal onto the 
e]qK>sed copper to form a thin solder plate. Thereaft^, &e 

20 mask is removed, and die plate is immersed in a copper 

etching solution. The sold^* coating protects the underlying 
trace copper, while the solution etches the exposed cappex to 
d^ne the trace. The trace is then heated to reflow the solda 
to fonn die bump. 

25 

Thus, diis invention provides a convaiimt method for 
fonning a solder bump on a drcuit trace. The bunq> is formed 
from a thin soldo^ plate, thereby reducing the plating time. 
The solder plate idso advantageously serves as an etch mask 
30 prior to reflow, allowing the circuit trace to be d^ned and the 
solder deposited using but a single photolithographic mask. 
Even diough the soldo" is dqposited as a diin plate, whoi the 
trace is subsequendy heated to mdt the solder alloy, the solder 
nevertheless coalesces to form a bump of a snf&dent mass for 
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use. far example, in attaching a. component by solder bump 
interconnection. 

Desciiptian of the Drawings 

The present invention will be fnrther ilinstiated with 
reference to the accon^anying drawings wherran: 



FIG. 1 is a partial plan view of a printed circuit board 
10 showing a circuit trace adapted for forming a solder bump in 
accordance witii this invmtion. 

FIG. 2 is a cross-sectional view of the printed circuit 
board in FIG. 1. taken along line 2-2, showing a solder-plated 
15 trace prior fo r^ow. 

FIG. 3 is a cross-sectional view of the circuit trace in FIG. 
2 following reflow of the solder plate to form a bump. 

20 FIG. 4 is a partial plan view of a printed circnit board 

showing an alternate embodiment of a circuit trace for forming 
a solder bun:^ in accordance with this invention. 

FIG. 5 is a partial plan view of a printed circnit board 
25 showing stiH anothra: embodiment of a circuit trace for forming 
a solder bump in accordance with this invention. 

HQ. 6 is a partial plan view of a printed circuit board 
showing still another embodiment of a circuit trace for forming 
30 a solder bump in accordance wiA this invention. 

FIG. 7 is a plan view of a printed circnit board showing 
terminals for forming solder bumps thereon in accordance with 
this invention. 
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FIG. 8 is a cross-secdonal view of tbe printed ciicnit 
boaid in HG. 1, taken along line 2-2, showing a tenninal prior 
to scdder xeflow; 

5 

HG. 9 is a cross-sectional view of the tennmal hi FIG. 2 
following leflow ai the solder alloy to farm a bomp. 

FIG. 10 i& an electron photmnioogr^h showing a solder 
10 bamp formed on a printed cizcnit board in accordance with this 
invention. ^ 

FIG. 11 is a perfective view of a tominal on a printed 
circuit board having an alternate conSgnration suitable for 
15 farming a solder bump in accordance with this invention; and 

FIG. 12 is a perspective view of a terminal on a printed 
circuit board showing still anotiia configuration suitable for 
forming a soUer hraap in accordance with this invention. 

20 

Detailed Description of the Invention 

In a first preferred embodiment, referring to FIGS. 1-3, 
the method of this invention is onployed to form a printed 

25 circuit board 10 having a solder-bump circuit trace 12. Printed 
circuit board 10 comprises a dielectric substrate 14 of the type 
refecced to as an FR4 card and conq>osed of an epoxy resin and 
glass, fiber laminate. Substrate 14 has a planar major surface 
16 to which is affixed drcuit trace 12. For purposes of 

30 illustrating the features of tius invention, board 10 is only 
partiaUy dqncted in the figures, it being understood that the 
depicted region constimtes but a minor proportion of the total 
area and that drcuit trace 12 extends onto other regions of the 
board for conducting electrical signals for processing. In 
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accordance with this invention, dicoit trace 12 composes a 
first linear section 18 and a second Bneat section 20. each 

having generally nnifonn- width of about 100 microns. Sections 
18 and 20 are arranged on surface 16 to intersect at an 
5 intersection designated gen^afly at 22 and snch that the angle 
betweeai the sections is a right angje. Le., 90 degrees. 

Referring to FIG. 2. in accordance with the method of this 
invention, dicoit trace 12 is initiafly formed of two coextensive 
10 metal layers 24 and 26. Layer 24 Ues immediately adjacent 
snbstrate surface 16 and is formed of metaUic copper havmg 
high electrical conductivity conducive to conductmg electrical 
signals. Copp« layer 24 is coated by a thin layer 26 composed 
of electroplated tin-lead solder alloy. 

1 5 

Printed circuit board 10 is manufactured by patterning a 
copper plate to define trace 12. including intersection secUons 
18 and 20. and electroplating solder onto Ae trace. 
Accordingly, a copper plate is initially appUed to dielectrK 

20 substrate 14 to conqiletely cover surface 16. Thus, the plate 
includes a region for forming layer 24 of trace 12 and an 
adjacent region about trace 12. A suitable cqpper-plated board 
is readily commerciaHy available and features a copper plate 
having thickness of about 17 miCTons. A fihn of 

25 photoimageable polymer mat«ial is zppMcd to the copper plate 
and selectively irradiated to devdqp the polymer to form a 
photoreidst mask The mask is about 25 nncrons thick and 
covers fee copp« plate region about the trace and defines an 
opening whereat the trace lay« 24 is wq>osed. 

The masked board is immwsed in a tin-lead plating 
solution and cathodicaHy biased to deporit solder alloy onto the 
closed copper trace. A suitable plating bath comprises, m 
water. 563 grams per liter tin. added as concentrated stannous 
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flooborate soLotion: 263 grams per Hisr lead, added as 
CQOceiitnted lead lluobarate soladon, 99.8 grams liter 
flaoboric add; 263 grams per liter boric acid and 193 grams 
per liter liquid pq>tone. The masked board is immersed xa the 
5 baA at ambient temperature spaced apart from a tin-lead 
oonnteielectrode. An electrical potential is applied to the 
copper plate to negatively bias Hie co/ppa relative to the 
conntoelectrode and codeposit metallic tin and mfttaHir. lead 
onto the «q>osed capper surface. One advantage of plating the 

1 0 tin-lead dqposited onto the copper plate prior to removing the 
unwanted copp« about the trace is that the contLnuous plate 
facilitates distxibntion of the plating c ur re n t to produce a 
uniform electrodeposit The resulting plate is conq^osed of 
about 40 pocent lead and the balance tin and has a thickness 

15 of about 20 miarons. The plate thickness is pr^oably less 
than the thickness of the mask, so that plating is confined to 
ihc opening above the trace and does not extmd iq»on the 
mask surface. 

20 Fcdlowing plating, Ac board is immersed in an alkaline 

solution to strip the photoresist maclr^ thereby exposing tiie 
copper plate region about the solder-coated trace. The board is 
imm^ed in an aqueous copper-etching solution containing 
a mm onium persulfate, following by a vraia rinse. The etching 

25 solution removes the escposed coppa. However, the tin-lead 
alloy is-xedstant to attack by the etdiing solution and acts as a 
mask to protect the . imderlying coppo^ trace. In this manner, 
the unwanted cofiper is removed from about die trace to 
coniplete fabrication of the solder-plated trace depicted in FIG. 

30 2 and featuring the copper plate 24 coated with the uniform, 
thin soAder plate 26. 

The printed dxcnit board having the dual-layer trace 12 
is heated to reflow the solder to form the desired bump on 
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intersection 22. A flux con^osed of amine hydrochloride and 
amine hydrobromide in isopropyl alcohol vehicle is applied to 
the solder plate surface. The board is immersed in hot 
polyoxyalkylene glycol baflt at 250«»C for 15 seconds. It was 
5 found that during immersion, the solder aUoy mehed and 

reflowed to draw solder from the sections onto intersection 22, 
diBC^ fomring a bun^ 3a shown in HG. 3. Following reflow, 
a reridual soldK film 32 remains <m sections 18 and 20, but 
&e thickness is significanfly reduced compared to the initial 
10 film. Bump 30 has a height greater than 40 microns and 
p^eaably between 60 and 80 microns. Thus, bump 30 is 
particularly well srated for use in forming a solder bump 
interconnection to attach an electrical component to printed 
circuit board 10. 

15 ^ 

In the embodiment depicted in HG. 1. sections 18 and 20 

erlend an ind^nite length from intersection 22. This 

anangement is particulariy advantageous for allowing 

electrical signals to be conducted from a component attached to 

20 intersection 22. using bump 30, to or from distinct portions of 
tiie electrical circuiL However, tiie method of tiiis invention is 
not limited to traces wherein botii linear sections are active 
leads for tiie electrical circuit, but may be employed to produce 
a solder bump at an intersection wherein only one section is 

25 connected to the circuit 

Refemng to HG. 4, a printed drcuit board 50 comprises a 
circuit trace 52 having an alternate configuration suitable for 
forming a soldo: bun^ tiiraeon in accordance witii tiie metiiod 
30 of tiiis invention. Trace 52 is disposed on a planar dielectric 
substrate 54 similar to substrate 14 in FIG. 1. Trace 52 
comprises a first linear section 56 and a second linear section 
58 tiiat intersect at a right angle a' to form an mtersection 
indicated genendly at 60. In tins embodiment, linear section 
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56 extends beyond Ifae region depicted in FIG. 4 for connection 
to remote dectrical features on board 50 to provide an active 
lead for conveying electrical signals to and fimn intersection 
60. Ebwever, seccuid section 58 is shortmed and, exo^t 
5 throng^ the connection tfarongh lead 56, is not otherwise 
connected to the electrical circnit. As depicted in FIG. 4, trace 
52 cqn^prises a copper layer immediately ov^lying substrate 
54 and a tiiin, nniform tin-lead soUa dLeetcaplaic. That is, 
trace 52 is shown following pattexning of the copper layer and 

1 0 electrodeposidon of tiie thin solda* plate in a condition leiinilar 
to FIG, 2, bat prior to leflow of tiie solder alloy. Thereafter, 
trace 52 is heated, for example, by immerdon in a hot oil bath, 
to melt tiie onter soldn plate,' whereiq)on the molten sdlder is 
drawn onto intersection 60 from tiie adjacmt sections to form a 

15 solda bnnqi. 

The size of tiie bump fonned during r^ow is bdieved to 
be principally determined by the surface tension of the molten 
alloy and is independent of the length of tiie adjacent sections, 

20 provided tiiat sufficient moltm alloy is available for forming 
the bump. Thus, for linear sections of conq)arable widths, tiie 
size of the bump foimed at intersection 60 of trace 52 in FIG. 4 
is believed to be equal to the bump formed at intersection 22 
of trace 12 in FIG. 1, with additional molten metal being drawn 

25 as needed from section 56 to compensate for any deficiency in 
the volume of metal drawn from section 58. 



Refening to FIG. 5, in still anothu- embodimem of this 
30 invention, a printed circnit board 70 includes a Y-shaped trace 
72 suitable, for forming a bninped intnsection in accordance 
witii this invention. Trace 72 is afSxed to a dielectric substrate 
74 and includes a first section 76 that extoids for a remote 
connection to other electrical features on board 70 so as to act 
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as an active iMd the dectricaa di«^ Trace further 
caimnises shortened sections 78 and 80 tiiat intersect trace 
section 76 at an intersection 82. Sections 76. 78 and 80 are 
disposed equiangnlady abont intersection 82 such that each 
5 angle a" between adjacent sections is 120 degrees. Trace 72 is 
shown prior to reflow and conqirises an nnd«lying copper 
layer immediately adjaccait substrate 74 and a nnifonn, Am 
electroplate of tin-lead solder alloy, similar to trace 12 m HG. 
2. Thereafter, the trace is heated to melt the outer solder plate, 
10 wherein the solder coalesces at intersection 82 to form a 
solder biaap. In this embodiment, the two shortened sections 
78 and 80 increase the volume of solder adjacent int«section 
82 to be drawn by capillary action for forming the bmnp. 

15 FIG 6 shows yet another embodiment of a trace 

configuration suitable for forming a solder bump in accordance 
with this invention. A printed circuit board 90 comprises a 
dielectric substrate 92 having affixed hereto a trace 94. Trace 
94 comprises a first linear section 96 that extends for 

20 connection to remote feattires of the electrical drcuit to serve 
as an active lead. In addition, trace 94 includes three 
shortened linear sections 98. 100 and 102 that intersect section 
96 and each other at an intersection designated generally at 
104. The sections 96. 98, 100. and 102 are disposed 

25 eqmangularly about intersection 104 so as to provide nght 
angles between adjacent sections. The trace 94 is depicted m 
the initial plated con(fition prior to reflow anc conqirises m 
underlying copper layer immediately adjacent substrate 92 
and an outM- solder electroplate of unifom thickness overlymg 

30 each section. Thereafter, trace 94 is heated, for example, by 
inunersiGn in an oil bath, to reflow the solder plate, whereupon 
the solder is drawn by capillary farces fiom section 96. 98, 
100 and 102 to coalesce at intersection 104 to form a solder 
buii. The embodiment in HG. 6 is particularly advantageous 
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for piDviding llie preferred xij^t angle anangemenit between 
adjacent sections while increasing the volume of solda 
adjacent the intersection 104. 

5 Li the aforedescribed embodiments, the surj^ing 

fcnmation oi tiie soldo* bump is found to occur at an 
intersection between a first and a seccmd linear section of a 
circuit trace. The mediod is particulady suitable for use with 
sections having widths less than 500 microns, sudi as is 

lO commonly mnployed in designing drcnit traces. The prefored 
section ^ndtfas is between about 50 and 150 xnicrons. In these 
embodimeat, sections having equal widths were utilized ia 
forming the bumps. However, sections having different widths 
may be employed, for example, as necessary to accommodate 

15 other design considerations for the electrical circuiL It is 

believed that optimum conditions for bunip formation during 
reflow are provided by sections arranged so tiiat the angle 
therebetween is a right angle. However, conditions for forming 
a suitable bump exist where the angle between the sections is 

20 between about 45 degrees and 135 degrees. 

In another embodiment of the invention, referring to 
FIGS. 8-10, the method of this invention is exnployed to form a 
printed circuit board 110 having a pluraliQr of solder-bumped 

25 terminals for mounting an integrated circuit die component by 
solder bump, intnconnections. Printed circuit board 110 
comprises a dielectric substrate 112 similar to board 10 in 
FIGS.1-3. Board 110 further includes a plurality of terminal 
sections 116 affixed to a planar sun^ice of substrate 112 and 

30 surrounded by an adjacent bare region 114. In accordance 
with this embodiment, each terminal section 116 comprises an 
enlarged circular temiinal pad 118 connected to a liuear 
runnca- section 120. Runner section 120 extends radially from 
the circular pad 118 and has a genoally uniform width w of 
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preferably about 100 microns. la the pref«r«i ernlKKinnent. 
^'pad 118 has a diameter W of aboot 150 mxcrons. 

Referring to HG. 8. in accordance widi die method of this 
5 invention, each terminal section 116 is iniliany fabn^^^^ 
Lpris^g two coextensive metal Uyers 122 and 124. Layer 
122^s immecfiately adjacent substrate 112 and is preferably 
farmed of metallic copper having high electrical ^^^^^^^^^ 
conducive to conducting electrical signals. Copper layer 122 is 
10 coated by thin Uyer 124 preferably coii5K>sed of electroplated 
tin-lead soldea- alloy. Printed drcuit board 110 is 
nianufactnred by masldng a copper plate to define the trace, 
removing the mask to expose &e surrounding copper, and 
etching the exposed copper, whereupon the solder plate serves 
15 as a mask in defining the trace, utilizing the process as 
described for HG. 1-3. 

As initially formed, the printed circuit board comprises a 
^orm. thin solder plate ovedying the trace and is healed to 

20 reflow the soldo: to form the desired bunqis '^^^^^ 
inunersed in hot polyoxyalkylene glycol bath at 250 oC to 15 
seconds. It was found that during immerrion the solder aUoy 
melted and reflowed to draw solder tan die linear nmn« 
section 120 and accumidate the ^solda on terminal pad 118. 

25 thereby f«ming a bmi?» 124 shown in FIG. 9. F^^'^ 

reflow. a residual solder film 126 remains on rumier 120. but 
having a thickness substantially reduced compared to the 
initial film, 

30 HG. 10 is » eteemm phoaadnogti?* rf a 'f^ !"^^ 

on a tenninal fon»d to KCorfanoe wM. this onbodBn»t The 
height of fl» bump idative to the Popp« trace «s about 60 
Tl^ to bump was deemed to be i-meularly weU 
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suited for use in forming solder bump int^connections to 
attach an electrical component to the printed circuit boanL 

Therefore, this embodiment also provides a solder reflow 
5 method for producing a solder bump on a terminal pad of a 
copper trace which requires but a single photoresist mask to 
define the trace including the terminal pad, which permits the 
solder to be deposited by electroplating and subsequently used 
as a mask during etching of the trace, which avoids use of a 

10 solder stop by creating conditions that coalesce &e soldn onto 
the pad from the adjacent section, and which reduces the 
plating time by depositing a relatively thin plate and reflowing 
to accumulate the desired mass for the bump. Whilb not 
limited to any particular theory, ^e surprising formation of the 

15 bump during reflow is attributed to Ae particular 

configuration of the terminal that features an enlarged pad 
connected to a relatively narrow runner and is effective to 
cause tiie molten bolder during reflow to be drawn by capillary 
forces onto the pad from the adjacent runner. In designing the 

2 0 tenninal, it is desired to optimize tiie ratio of the runner width 

to the pad width to minimTy,e the required thickness of the 
solder plate while coalescing sufficient sold^ during reflow to 
produce the desired bump size. As used herein, the runner 
width refers to the width of the, runner section immediately 
25 adjacent the enlarged pad, whereas the pad width refers to the 
maximum dimension of the pad measured parallel to tiie 
runner width. This method is believed to be particularly 
suitable for use with runn^ having widths less than about 
500 microns, such as is cc»nmonly employed in designing 

3 0 circuit traces. The preferred runner width is between about 50 

and 150 microns. A pad width, that is, the diameter for the 
described circular pad, of at least 1.2 times the adjacent runner 
width is effective in drawing sufficient solder to form a 
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suitable bump. Preferably, the pad width is between about 1.2 
and 2.0 times the ronnn widdL 

Referring to FIG. 11, in still another embodimrat, a 
5 printed circuit board 140 includes a square pad 146 that is in 
suitable fashion to provide an enlarged area for coalescence of 
the solder alloy to fonn a bnn^. Board 140 including an 
epoxy-glass substrate 142 and- a terminal section 144 that 
include pad 146 and an adjacent runner 148 that extends from 

10 a coma the square pad. To better iUusttaie the terminal 
pad shape, &e tenninal section is depicted with the solder 
plate, but prior to reflow to form the haxnp and thus includes a 
cqppa trace and a thin, uniform solder layer similar to the 
tenninal shown in FIG. 8. During reflow, solder is drawn from 

15 the runner section onto &e terminal pad to produce a generally 
s«nisphericai bump. 

In still a farther embodiment, FIG. 12 shows a printed 
circuit board 160 comprising an epoxy-glass substrate 162 and 

20 having a terminal 164 also suitably configured for the practice 
of this invention. T«minal 164 comprises a generally 
rectangular pad 166 and an adjacent runner section 168 that 
extends from a side of pad 166. The terminal is depicted in the 
condition following eleCTodeposition and prior to reflow, similar 

25 to die terminal depicted in FIG. 8, to better illustrate the pad 
configuration. During x^w, solder is drawn onto the tominal 
pad from the adjacent runna to produce the desired rounded 
bump. 

3Q A significant feature of tiiis invention is the formation of 

tiie bump during refiow from an initial thin plate of solder 
aUoy on tiie trace. While copper is most commonly selected for 
the trace metal because of its relative low cost and 
advantageous electrical {ffoperties including a low resistance 
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conducive for condnctiiig electrical signals, the terminal may be 
formed of any snitable metal that provides a solder-wettable 
surface, including, for exanqile. nickel or gold, either applied 
directly onto the dielectric substrate or onto a copper or other 

5 metal base to provide an intermediate layer between the base 
and the solder. The solder layw may be formed of any suitable 
solder afloy. Topical solder aUoys are formed predominantly of 
one or more metals selected from the group consisting of lead, 
tin and indium and include lead-base alloys containing about 5 

0 weight percent tin and indium-base alloys containing about 30 
percent lead. Preferably, the solder is con^psed of near- 
eutectic tin-lead alloy containing between about 35 and 45 
percent lead. Although the solder is preferably deposited by 
electroplating, the plate may be formed by sputtering or any 

5 process snitable for applying a thin layer of the solder metal 
onto the trace. 



In the described embodiments, reflow of the thin solder 
plate also left a residual fihn on the runner. It is desired to 
deposit a solder thickness adequate to provide sufficient 
molten alloy to maximize the bump size. Depending upon the 
intended application, the residual fflm on the runner may be 
advantageous, for example, to provide a protective coating. On 
the other hand, for a specific trace configuration, it may be 
desirable to minimize the initial solder deposit to reduce or 
diminate the residual fihn. A solder plate having a thickness 
less than 25 microns provides sufficient metal during ring 
reflow for bump formation. Preferably, the initial solder plate 
thickness is between about 10 and 25 microns. For forming 
solder bump interconnections, it is desired to produce a bump 
having a height measured relative to the copper trace surface 
of at least 40 microns, and preferably between about 60 and 
80 microns. 
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While tilis inventioii has been described in tenns of 
certain embodiments tfaereot it is not intended that it be 
lindied to tiie above description but iadi« only to &e extent 
set forth in the claims 4at f oUow. The ranbodiments of the 
invention in which an exclusive property or privilege is 
claimed are defined as follows. 
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1« A method for forming a solder-bumped circuit trace 
on a dielectric substrate, said method comprising 

5 fatsicadng a circuit trace on the substrate comprising a 

first linear section and a second linear section disposed to 
intosection said first section at intrasecti(»i so as to form an 
angle between the sections that is between about 45 degrees 
and 135 degrees, said trace comprising a soldn-wettable metal 
10 layer adjacent the substrate and an ontn" plate composed of a 
sold^ alloy and having a uniform thieVr^y-gs, and 

headng tiie ciiciut trace at a taiq>eratnre effective to 
melt the soldo' alloy and to draw the moltra soldo alloy onto 
15 the intosectioii to form a solder bunqi. 
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2. A mefliod for fonning a solder-bnmped dicdt trace 
on a dielectric substrate; said method comprising 

5 fabricating a dicnit trace on the snbstrate comprising a 

first linear section and second linear section, said first section 
having a generally nnifonn width less than 500 microns, said 
second section having a generally nniform widtii less than 500 
microns and bdng disposed to intersect said fist section at an 
1 0 intersection so as to form an angle between the sections that is 
between about 45 degrees and 135 degrees, said trace 
comprising a copp«r layer adjacent the substrate and an outer 
plate con^wsed of a tm-lead solder alloy and having a uniform 
t?i'cV"'^gg less than about 25 mimms, and 



15 



heating the circuit trace at a temperature effective to 
melt the solder alloy and to draw the molten soldo: aHoy onto 
the intersection to form a solda bump.- 
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3. The method in accc»rdance with claim 2 whoein the 
first sectim widdi is between about 50 and 150 microns. 

4. The method in accordance with claim 2 wherein tiie 
5 second secdcm width is between about 50 and 150 microns. 

5. The method in accordance with claim 2 wherein the 
soldOT plate is an electrodqmsited plate composed of an alloy 
comprising between about 35 and 45 weight percent lead and 

1 0 the balance substantially . 

6. The method in accordance with claim 2 wherein the 
solder plate has a thickness between about 10 and 25 microns. 

15 7. The method in accordance with claim 2 wherein the 

soUa bump has a height greats tiiian 40 mio'ons. 



4 
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8. A metiiod far fonnmg a solder bixn^wd tenninal on 
a planar dielectric substrate conqirising 

fabricating a terminal on Ae substrate, said terminal 
5 comprising a terminal pad adapted for reaaving a solder bump 
and a linear nmn« section connected to the pad. said runner 
section having a predetomined ^th adjacent the pad, said 
tenrinal pad having a widfli parallel to flie section width that 
is greater than the section width, said tominal comprising a 
1 0 solder-wettable metal layer adjacent the substrate and an 
outoar plate composed of a solder dloy and having a uniform 
thickness, and 

heating the terminal at a tenq>eratare effective to melt 
15 &e solder alloy and to draw the molten solder alloy onto the 
terminal pad from the adjacent runner section to form a solder 
bump. 
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9. A method for toming an electrical circuit trace 
having a solder-bnmped terminal pad on a planar dielectric 
substrate, said method comprising 

5 fabricating a trace on the substrate, said trace including a 

dual-plate terminal portion comprising a terminal pad adapted 
for receiving a soldc^ bump and a linear runnor section 
extending from the pad, said mmm section having a 
predetermined width less than 500 microns, said terminal pad 

10 having a width parallel to the runner section widdi that is at 
least 1.2 times greater than the runner section widlii, said 
terminal portion comprising a copper plate affixed to the 
substrate and an outer layer composed of tin*lead solder alloy, 
said copper layer having a unifomi thickness, said solder layer 

15 having a uniform thickness less than 25 microns, and 

heating the terminal at a temperature effective to reflow 
the solder alloy, whereupon molten solder alloy is drawn onto 
the terminal pad from the adjacent trace section to form a 
20 solder bump having a height of at least 40 microns. 
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10 The. method in accordance with daim 9 whearan the 
nmner s«;tioii width is between about 50 and 150 microns. 

11 The method in accordance with claim 9 wherdn the 
5 pad width is between about 1.2 and 2.0 times the rnnn« 

sccdon wid^ 

12. The meAod in accordance wifli claim 9 wherran the 
tenmnal 'pad is a dicular pad and the runner section extends 

10 radiaEy from, the pad. 

13. The method in accordance with claim 9 whercan the 
termmal pad is a square pad and the nmnff section extends 
from a comer of tiae pad. 

14. The method in accordance with claim 9 wherein the 
termmal pad is a rectangular pad and the runner section 
extends £rom a. side of the pad. 

20 15. The method in accordance wifli claim 9 wherdn the 

solder plate is an electrodeposited plate composed of an alloy 
comprismg between about 35 and 45 weight percent lead and 
the balance substantially tin. 

25 16 The method in accOTdance with claim 9 vrbsaaR the 

solder plate has a thickness between about 10 and 25 microns 
and the soldca: bump height is between about 60 and 80 
microns. 
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FIG. 5 FIG. 6 
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